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ELECTRONICALLY GATED MICROSTRUCTURE 

The present invention relates to a solid state microstructure, and 
particularly to a microstructure having an electronically triggered onboard 
gating arrangement. 

Many imaging and probing applications in the infra-red visible light 
regions (lidar, mammography), in the UV and x-ray regions (medical 
imaging), and applications using ionising particles, suffer from scattering 
problem. Typically, scattered photons or particles which do not pass 
directly from the source to the object and to the detection system result in 
noise. This noise may greatly degrade the desired signal or image, 
particularly in the case of soft tissue probing by use of visible or infra-red 
laser light. In many applications, the image can greatly be improved by the 
use of a time-resolved or a time-gated detection system. 

Such systems are currently complex and expensive, and currently are 
conceived as separate add-on units which are normally used in conjunction 
with conventional detectors. 

Similar problems apply to particle detection techniques such as slow 
neutron imaging. Time gating in the sub-nanosecond range, particularly 
with silicon detectors, can be difficult. In the x-ray range the time gate of, 
of example, microchannel plate devices can approach the lOOps range, and 
the best spatial resolution which can be obtained in the dimension along the 
line of the light without some sophisticated deconvolution technique, for 
example, is thus of order a few cm. This is inadequate for most useful 
medical imaging techniques. The time resolution of these gated structures 
is accordingly not entirely satisfactory, and generally depends upon a 
combination of the rise time of the gating pulse, and the response of the 
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detector. 

It is an object of the present invention at least to alleviate the 
problems of the prior art. 

It is a further object to provide a solid state microstructure detector 
which can be gated very rapidly and which does not require a separate 
gating element. 

According to the present invention there is provided a solid state 
(switch) microstructure comprising a substrate, a detector element extending 
outwardly from a surface of the substrate and having first and second 
electrodes on opposing sides thereof, the detector element incorporating an 
onboard electronic gating structure. 

For the ultra-violet region of light below 224nm, the substrate is 
preferably made of UV sensitised silicon, or more simply chemical vapour 
deposition (CVD) diamond. For the visible region, and the infra-red 
region, silicon, gallium arsenide and indium phosphide are suitable detector 
materials, among other solid state materials. 

Such an arrangement can give exceptionally high electrically 
controlled gating speeds for photon and particle detection across the visible, 
UV and x-ray range, and also for neutrons. X-ray detectors will normally - 
but not exclusively - incorporate high z materials in front of the detector 
medium. In exceptional cases, it may be necessary for the detector to have 
low efficiency to avoid electronic pile-up. For neutron detection, low z 
materials may be incorporated in front of the plane of, between the 
individual elements of, or actually within, the detector material. 

The advantages of using diamond are many fold. Diamond can be 
made extremely transparent in the wavelengths greater than 224nm, and it 
is also the best heat conductor and diffuser known, at room temperature. 
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Due to the small voltage required efficiently to extract electron-hole pairs, 
the gate voltage can be relatively small, and therefore easily generated with 
a fast rising and falling edge. This contrasts with the kV range required to 
gate channel plate devices. Preferably, the gating structure comprises a 
5 gate electrode (for example a strip electrode) spaced between the first and 
second electrodes. Due to the geometry of this gating strip (which may be 
of the order of one micrometre in width) the capacitative coupling between 
the gate and the first and second electrodes is minimised. This has the 
advantage both of increasing the speed of the gating operation (since less 

10 current needs to be driven), and minimising the noise signal generated by 
the gate pulse in the measured photocurrent. Diamond's exceptional 
electrical properties also allow for the operation of efficient strip lines, and 
this allows for minimum dispersion of the gating pulse. 

The invention extends to a multi-strip array detector comprising a 

15 plurality of solid state microstructures as previously defined, all on a single 
substrate. The size of the individual microstructures may be smaller than 
500 micrometres in dimensions perpendicular to the incident radiation, and 
typically of order ten micrometres. We envisage more advanced 
manufacturing technologies being able to reach sub micrometre structures 

20 in the immediate future. The multi-strip detector may comprise a plurality 
of individual ridge detector elements each having first and second 
electrodes on opposing sides thereof, and the detector elements may be 
commonly gated. 

The invention extends to any one or more features described, shown 

25 in the drawings or claimed, whether taken alone or in any compatible 
combination. 

The invention may be carried into practice in a number of ways, and 
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several specific embodiments will now be described, by way of example, 
with reference to the accompanying drawings, in which: 

Figures la and lb schematically illustrate a fast gated diamond 
microstructure, particularly suitable for time resolved detection of visible, 
UV and X-ray photons, and for ionising particles; 

Figure 2a shows a strip gated detector using the microstructure of 
Figures la and lb; 

Figure 2b shows a multi-strip array detector using the same basic 
microstructure; 

Figure 3 shows a pixel gated strip device using the same 
microstructure. 

Turning first to Figures la and lb, these shows a particular 
microstructure embodiment in which the gating is electronic. The 
embodiment shown is, it is believed, particularly suitable for the time 
resolved detection of visible, UV and X-ray photons, and ionising particles. 

As may be seen in Figure la, the device comprises a CVD 
(Chemical Vapour Deposition) diamond substrate 10 having a plurality of 
upstanding parallel ridges 12, only one of which is shown. Each ridge 12 
has first and second substantially parallel sides, which are respectively 
provided with first and second metallisation layers or electrodes 14,16. 
Metallisation, in this context, includes one or more layers of metals such 
as gold, platinum, chromium and/or tungsten in various orders and 
combinations, so as to create an ohmic contact for electrical connections. 
A significant fraction of each electrode is perpendicular or roughly 
perpendicular to the substrate plane.The upper surface 20 of each ridge is 
substantially flat, and is provided with a shallow central channel 22 within 
which there is a metallisation gate 18. (In other arrangements, not shown, 
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the channel could be dispensed with, the gate metal simply being on and/or 
in the substrate surface). 

In use, the ionising particle or photon flux 24 to be detected 
impinges upon the upper surface 20 of the ridge 12. The width of the ridge 
12 is matched to the charge recombination length in the diamond, defined 
here as being the typical or average distance electrons and holes separate 
before being recombined in the substrate, so that with a moderate voltage 
of l-5V/pm across the ridge, applied between the metallisation gates 14,16, 
electron-hole pairs are rapidly and efficiently extracted. Typically, the 
ridge width may be between 1 and 100 jim; for a 50V potential and a 20 
|im spacing between the metallisation layers, the extraction time is of the 
order of 30ps. 

For ease of reference, the voltage on the first metallisation layer 14 
will be referred to as V„ the voltage on the second metallisation layer 16 
will be referred to as V 2 and the gate voltage, on the gate 18, will be 
referred to as V g . As is shown in Figure la, if V 2 is greater than V, there 
will be current flow across the ridge structure in the direction of the arrow 
26, which is composed of a leakage current (approximately proportional to 
the V 2 -V,) and a photocurrent (approximately proportional to the photon or 
particle flux 24). Measurement of the time-integrated photocurrent (the 
total charge passed) gives a direct measurement of the flux. The problem 
is then to gate the device in a suitably short time, and this is the function 
of the gate 18. 

For fast gating of the photocurrent, the photon absorption depth 
should be smaller than the ridge height, which will normally be true for 
photon energies in the 5.5-100 eV range where near-surface absorption 
dominates. Alternatively, the recombination range of the diamond substrate 
should be smaller than the ridge height, when using photons in the 1.8-5.4 
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eV and greater than 100 eV ranges. The former condition is easily 
satisfied since for any given application, the ridge width is a free parameter 
which may be determined by the diamond recombination length. The only 
exception may be for very fine ridges, where manufacturing limitations 
may become important. The latter condition may be ensured either by 
suitable control of the CVD growth conditions, or by ion or electron 
bombardment to generate lattice. In this way, the photocurrent is solely 
dependent upon the light or particles absorbed in the ridge rather than in 
the substrate. By applying a gate voltage Vg, greater than V 2 , to the gate 
strip, as is shown in Figure lb, the photocurrent may be gated by diverting 
it principally to the strip (see the arrow 28). In this way, the current flow 
may rapidly be turned on and off by the application of a suitable voltage 
V g applied to the gate. In diamond in particular, the velocity of electron 
is exceptionally high in the configuration described, and so the gate is very 
fast. 

According to die particular application, it is envisaged that the device 
may either have a single ridge 12 or a plurality of parallel ridges. A single 
strip embodiment is shown schematically in Figure 2a. This figure also 
shows the preferred contact pads 30,32,34 at the end of the ridge 
respectively for making electrical connections with the metallisation layers 
and with the gate. 

A plurality of such devices may be coupled together, as shown in 
Figure 2b, to create a multi-strip array detector. This has a common V, 
bias strip 36, arranged simultaneously to provide an identical bias voltage 
to each of the first metallisation layers 14. A common gate strip 38 
provides a common gating voltage V g to each of the gates 18. Each strip 
or ridge has an individual strip readout pad 40, coupled to the second 
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metallisation layer 16. As will be appreciated, such a multi-strip device 
provides one degree of spatial resolution. It is likely to be suitable for 
applications in which a relatively large sensitive area is required, for 
example lidar, where the gate is to be synchronised with a repetitive probe 
signal. 

Another embodiment is shown in Figure 3, in which the strip readout 
pads 40 are replaced with individual pixel readout pads 42, there being 
several such pads per metallisation layer 16. Such a device provides two- 
dimensional imaging capabilities. 

Any of the embodiments of Figures 1 to 3 may be adapted as an x- 
ray detector by the incorporation of additional high z showering material, 
positioned immediately in front of the detector. Likewise, any of the 
embodiments may be suitable for use as a neutron detector, with the 
addition, either as a separate layer, interdispersed, or implanted or grown 
into the substrate itself, of a low z showering material. 

In the variations comprising a plurality of parallel ridges, absorber 
material may be located, as necessary, between the parallel sides of 
adjacent detector elements. The structures described may be etched, 
artificially grown or manufactured in any other suitable manner. 
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CLAIMS: 

1. A solid state microstructure comprising a substrate, a detector 
element extending outwardly from a surface of the substrate and having 

5 first and second electrodes on opposing sides thereof, the detector element 
incorporating an onboard electronic gating structure. 

2. A microstructure as claimed in Claim 1 in which the detector 
element is of diamond. 

10 

3. A microstructure as claimed in Claim 2 in which the detector 
element is of chemical vapour deposition diamond. 

4. A microstructure as claimed in any one of Claims 1 to 3 in which 
15 the detector element is unitary with the substrate. 

5. A microstructure as claimed in any one of Claims 1 to 4 in which 
the detector element comprises an elongate ridge structure. 

20 6. A microstructure as claimed in any one of Claims 1 to 5 in which 
the opposing sides of the detector element are substantially parallel. 

7. A microstructure as claimed in Claim 6 in which the substrate is 
generally planar, with the opposing sides of the detector element being 

25 substantially normal to the plane of the substrate. 

8. A microstructure as claimed in Claim 1 in which the gating structure 
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comprises a gate electrode spaced between the first and second electrodes. 

9. A microstructure as claimed in Claim 8 in which the gate electrode 
is carried on an outermost surface of the detector element. 

5 

10. A microstructure as claimed in Claim 8 in which the gate electrode 
is carried in a channel in an outermost surface of the detector element. 

11. A microstructure as claimed in Claim 8 in which the detector 
l o element comprises an elongate ridge structure, the gate electrode 

comprising a strip electrode running along the length of the ridge structure. 

12. A microstructure as claimed in any one of the preceding claims 
having a maximum external dimension of less than 500 micrometres. 

15 

13. A microstructure as claimed in any one of the preceding claims 
having a maximum external dimension of less than 100 micrometres. 

14. A microstructure as claimed in claim 1 in which the detector element 
20 is of silicon, gallium arsenide or indium phosphide. 

15. A microstructure as claimed in any one of the preceding claims 
including a high z material in front of the detector element. 

25 16. A microstructure as claimed in any one of claims 1 to 14 including 
a low z material in front of, adjacent to, or incorporated within the detector 
element. 
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17. A microstructure as claimed in Claim 1 comprising a plurality of 
elongate detection elements on the substrate, each detector element having 
respective first and second electrodes, and the detector elements being 
commonly gated. 

18. A microstmcture as claimed in Claim 17 in which each detector 
element is read out separately via its respective second electrode. 

19. A microstmcture as claimed in Claim 17 in which each detector 
element has a plurality of second electrodes, spaced along its length, each 
second electrode being read out separately. 

20. A solid state microstmcture specifically as described, with reference 
either to Figures la and lb, or to Figure 2a, or to Figure 2b, or to Figure 

3. 
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